194
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In the reaction of N-vinylindole with alcohol, two reactions commpete:
the addition of the alcohol and homopolymerization. N-({c~alkoxy-
ethyl) indoles have been obtained for the first time, In the reaction
of N-vinylindole with monocarboxylic acids, only homopolymeriza=-
tion takes place.

Information in the literature on the reaction of N-
vinyl compounds with alcohols is very limited. It is
known that N-vinylpyrrolidone adds aliphatic alcohols
to the double bond of the viny! group at room temper-
ature in the presence of hydrogen chloride with the
formation of alkoxyethylidenepyrrolidones [1]. Accord-
ing to patent information, similar products are ob-
tained by the action of phenols on N-vinyllactams [2, 3].

This paper is devoted to the question, which has
not been previously studied, of the reaction of N-vinyl-
indole (I) with hydroxyl-containing compounds.

Calculation of the electronic structure of the mole-
cule of I by means of the semiempirical SCF MO L.CAO
method leads to high values of the r-electron density
on the g-carbon atom of the vinyl group [4]. This per-
mitted us to assume that the addition of alcohols to I
should take place in accordance with Markovnikov's
rule.

The reactions of I with methanol, ethanol, propanol,
and butanol, and also with phenol, were studied. It
was found that in these cases there are two competing
reactions. Under the influence of acid catalysts, not
only does the alcohol add to I at the double bond of the
vinyl group, but the I also polymerizes:
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Depending on the temperature conditions of the re-
action, the order of addition of the reactants, and the
nature of the hydroxyl-containing compound, one di-
rection of the process or the other predominates. If
the reaction is carried out at room temperature, by
analogy with N-vinylpyrrolidone, in the presence of
catalytic amounts of HCI in an alcoholic medium only
the homopolymerization of I takes place, and the sec-
ond reactant does not take part in an addition reaction
and is recovered quantitatively when the reaction mix~
ture is distilled. Methanol and ethanol are capable of
reacting with I under exceptionally mild conditions re~
ducingthe possibility of its polymerization to a minimum.

Thus, the reaction between methanol and I takes
place at temperatures below 0° C. The yield of N-(a-

methoxyethyl)indole (II) amounts to 66%. Ethanol re-
acts with I at 0° C to form N-(a-ethoxyethyl)indole
(ITD) with a yield of 74%. A slight rise in the temper-
ature—for example to 3—5° C—leads to a marked de-
crease inthe yield of addition product (to about 15~17%).
Withan increase inthe molecular weight of the alecohol,
its activity in addition to I falls. We succeeded in syn-
thesizing N-(a~-propoxyethyl)indole (IV) with a yield of
only 18%, the remainder of theinitial I being converted
mainly into polymer. It was impossible to obtain an
addition product with n-butanol or phenol, since I po-
lymerizes quantitatively in an acid medium at temper-
atures close to room temperature and above [4].

An attempt to obtain N-(a~butoxyethyl)indole indi-
rectly by the action of butyl vinyl ether on indole was
also unsuccessful.

The correctness of the structure of N-(a-alkoxy-
ethyl}indoles synthesized was shownrefractometrically,
by a study of their IR spectra, and also by their hydro-
lytic decomposition. In the IR spectrum of N-(¢-meth-
oxyethyl)indole, there are bands with frequencies in
the 3050 cm ™! and 1620—1520 cm™’ regions that are
characteristic for the indole ring and bands at 1060—
1150 cm™? corresponding to the asymetric stretching
vibrations of the C—O—C group. Inthe addition product,
the band at 1640 cm™! had disappeared and there was
absorption at 2940 em™!, which is apparently due to
the presence of the methyl group in the ethylidene
radical [5].

A confirmation of the addition of alcohols to I in
accordance with Markovnikov's rule is the fact that
all the compounds obtained hydrolyze under the action
of dilute sulfuric acid at 40° C with the formation of
acetaldehyde, indole, and the corresponding alcohol.

The N-(a-alkoxyethyl)indoles are high-boiling oily
liquids decomposing on distillation under atmospheric
pressure, stable on storage, and soluble in acetone,
ethanol, and ether.

Our experimental investigations carried out with
the aim of obtaining products of the addition of mono-
carboxylic acids to I were unsuccessful. In spite of a
wide variation in the reaction conditions, it was im-
possible to effect the acylation of I at the double band
of the vinyl group with such acids as formic, acetic,
butyric, isobutyric, and valeric. The I polymerized
instantaneously or in the course of several hours, ac-
cording to the strength of the initial acid.

EXPERIMENTAL

N-( - Methoxyethyl)indole (II). A solution of 1 g (7 mM) of I in
15 ml of ethanol was added over 2 hr to a solution of 0.3 g (8.4 mM)
of absolute methanol in 15 ml of acetone with the additionof two drops
of hydrochloric acid at =8 C. After 30 min, the reaction mixture was
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neutralized with potassium carbonate, The solvent and unchanged
methanol were distilled off, and vacuum distillation of the residue
yielded 0.8 g (66%) of 11, bp 95° C (2 mm); (n}y 1.5635; d2’ 1.0593).
Found, %: C 75.47; H 7.46; N 8.12; MRp 53,87. Calculated for
(CyHNO), %: C 75.42; H 7.42; N 8.00; MRy, 53.68.

N-(a- Ethoxyethyl)indole (III), A solution of 2.2 g (15 mM) of 1
in 30 ml of acetone was added over 3 hr 30 min to a solutionof 2 g
(43 mM) of absolute ethanol in 10 ml of acetone containing two drops
of hydrochloric acid at 0° C. After neutralization with potassium car-
bonate, vacuum distillation yielded 2.2 g (74%) of 11, bp 115°C
(3 mm); (0} 1,5600; a2 1.0382), Found, %: C 76.81; H 7.93; N 7.18;
MRy 58.85. Calculated for (CjyH;sNO), %: C 76.16; H 7.46; N 7.40;
MR 58.29.

A mixture of 0.83 g of III and 20 ml of 0,56% HzSO4 was heated in
a sealed tube at 40° C in an atmosphere of nitrogen for 6 br and was
then poured into a cooled solution of 2, 4-dinitrophenylhydrazine to
yield 0.2 g of acetaldehyde 2, 4-dinitrophenylhydrazone, mp 145-146"
C [6]

N-(a-Propoxyethyl)indole (IV), A solution of 1.9 g (13 mM) of I
in 10 ml of acetone was added over 2 hr to a mixture of 1.3 g (22 mM)
of n-propanol in 20 mi of acetone containing two drops of hydrochloric
acid at 3-5° C, After neutralization with potassium carbonate, vacuum
distillation yielded 0.6 g (18.7%) of IV, bp 145° C (3 mm); (ng 1.5458;
£ 1.0191). Found, %: C 76.80; H 8.26; N 6.47; MRp 63.04. Calcu-
lated for (C13Hy NO), %: C 76.81; H 8.43; N 6,88; MRy 62.91, The
residue after vacuum djstillation was dissolved in 2 ml of acetone and
precipitated with 50 ml of ethanol. This gave 0.96 g of poly(vinylin-
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dole), mp 185-216° C. Found, %: N 8.58, Galculated for (CyoHgN)p,
%: N 9.79. ’
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